I n 2008, approximately 430,000 infants were newly infected with human immunodeficiency virus type 1 (HIV-1). 1 In 2007, only one in three pregnant women infected with HIV received antiretroviral drugs to prevent mother-tochild transmission. The most frequently used drug for this purpose was single-dose nevira pine, 2 a component of the regimen recommended by the World Health Organization (WHO) for pregnant women who are not receiving three-drug antiretroviral therapy. 3 Nevirapine-resistant virus is detected in a large proportion of women after they have received single-dose nevirapine. [4] [5] [6] [7] [8] [9] Combining other antiretroviral drugs with single-dose nevirapine reduces but does not eliminate the risk that nevirapine-resistant viral strains will emerge. [10] [11] [12] [13] Nevirapine resistance declines over time after exposure to single-dose nevirapine 5, 14, 15 ; however, low-level resistance persists 8, 9, 16, 17 and may compromise the subsequent response to a regimen that includes nevirapine, 18, 19 particularly when antiretroviral therapy is initiated within 6 to 18 months after single-dose nevirapine exposure. [19] [20] [21] [22] Previous studies have not determined whether women exposed to single-dose nevirapine who later require antiretroviral treatment should receive a non-nevirapine-containing regimen. This is a critical question, since hundreds of thousands of women have received and continue to take single-dose nevirapine to prevent mother-to-child transmission of HIV infection. 2, 3 In addition, nevirapine is a component of first-line antiretroviral therapy in most resource-limited settings. 23 Hence, we compared initial antiretroviral treatment with nevirapine (a nonnucleoside reversetranscriptase inhibitor) plus tenofovir-emtricitabine and ritonavir-boosted lopinavir (a protease inhibitor) plus tenofovir-emtricitabine among women with and those without prior exposure to single-dose nevirapine.
Me thods

Study Design and Participants
The Optimal Combination Therapy after Nevirapine Exposure (OCTANE) study comprised two concurrent, randomized, open-label trials of antiretroviral therapy. Trial 1 included 243 women who had previously received single-dose nevirapine, and trial 2 included 502 women without prior exposure to single-dose nevirapine (with target enrollments of 240 and 500 women, respectively). This report describes the full results of trial 1, as well as the results for the primary end point from trial 2 (to inform the interpretation of trial 1 results), including data from both trials through October 6, 2008 .
The participants were women infected with HIV-1 who were not pregnant or breast-feeding, at 10 African sites (3 in South Africa; 2 in Kenya; and 1 each in Zimbabwe, Botswana, Zambia, Malawi, and Uganda) (see the Supplementary Appendix, available with the full text of this article at NEJM.org). Their screening CD4+ T-cell counts were less than 200 per cubic millimeter, and they had not previously received antiretroviral therapy, with two exceptions: trial 1 participants had received single-dose nevirapine on one or more occasions (not as part of this study) 6 or more months before enrollment, and participants in both trials were permitted to have received up to 10 weeks (cumulative) of treatment with zidovudine, with the last dose taken at least 6 months before study entry. Participants were followed for at least 48 weeks after the last patient was enrolled.
The women were randomly assigned either to open-label ritonavir-boosted lopinavir (400 mg of lopinavir with 100 mg of ritonavir) twice a day plus tenofovir-emtricita bine (300 mg of teno fovir and 200 mg of emtricitabine) daily, or to nevira pine (200 mg twice a day after an initial period of 200 mg daily) plus tenofovir-emtrici tabine (300 mg and 200 mg, respectively) daily. Tenofovir-emtricitabine was supplied as coformulated Truvada (Gilead). Ritonavir-boosted lopinavir was initially supplied as Kaletra capsules (Abbott) but was changed to Aluvia tablets (Abbott) in April 2007. Randomization was stratified according to the CD4+ count (<50 or ≥50 cells per cubic millimeter), with balancing carried out within each site. Participants who did not tolerate or respond to one regimen could switch to the other regimen. Zidovudine, didan osine, and efavirenz were provided as needed.
Antiretroviral therapy was generally withheld in the event of possible treatment-related toxicity of grade 3 or higher. 24 However, per protocol, nevir apine and efavirenz were permanently discontinued upon elevations in alanine aminotransferase or aspartate aminotransferase that reached grade 2 or higher, with no other apparent cause, or upon increases in these liver enzymes by one grade or more (or evidence of a rash) along with concomitant signs and symptoms of hepatitis or hypersensitivity. Women who became pregnant after enrollment continued to participate in the study.
The primary study end point was time to virologic failure or death. Virologic failure was defined as a confirmed plasma HIV-1 RNA level less than 1 log 10 copy per milliliter below baseline at 12 weeks after treatment initiation or a confirmed HIV-1 RNA level that was 400 log 10 copies or more per milliliter 24 weeks or more after treatment was begun.
The study was approved by all relevant local (and U.S.) institutional review boards and ethics committees. Participants provided written informed consent. All the authors vouch for the correctness of the data and results of analyses as presented. Coauthors who were also site investigators (and the study staff at each site) collected the data. All the authors made the decision to submit the manuscript for publication. The pharmaceutical sponsors (Abbott, Boehringer Ingelheim, Gilead, Bristol-Myers Squibb, and Glaxo SmithKline) provided the study drugs and participated as members of the study team but did not participate in analysis of the data. This study was conducted in accord with the amended protocol.
Study Monitoring
On October 6, 2008, the data safety and monitoring board recommended release of the results from trial 1 (but not trial 2), since the P value (unadjusted for interim analyses) for the comparison of the primary end point between the randomized groups in trial 1 was 0.0005, which met the prespecified criterion of P<0.001 for considering stopping the trial. Target enrollment had been completed and follow-up continued in both trials, but trial 1 results were shared with all participants, and the women who had been taking firstline nevirapine in trial 1 were offered ritonavirboosted lopinavir instead.
Data Collection, Follow-up, and Laboratory Studies
Study visits (which included laboratory and clinical safety assessments) occurred six times during the first 24 weeks and every 12 weeks thereafter.
Measurements of HIV-1 RNA (Roche Amplicor Monitor version 1.5) and CD4+ cell counts were obtained at study entry and every 12 weeks thereafter. Lipid levels (fasting or nonfasting) were evaluated at entry, at 24 and 48 weeks, and then every 48 weeks.
Plasma samples obtained at study entry (before treatment) were subjected to drug-resistance testing at a single laboratory with the use of the ViroSeq assay (Celera Diagnostics), which generally detects resistant virus accounting for 20% or more of the virus population. Samples were tested after study entry, since resistance testing was not available at most study sites and would have substantially delayed the start of therapy in these immunosuppressed patients. Results were interpreted with the use of modified International AIDS Society-USA 2008 tables, 25 which included mutations associated with resistance to nevirapine, efavirenz, or both (L100I, K103N, V106A/M, V108I, Y181C/I, Y188C/H/L, G190A/S, and P225H) and to delavirdine (P236L).
Statistical Analysis
The primary analysis was based on the intentionto-treat principle, modified to exclude women who failed to start the study treatment. The KaplanMeier method was used to describe the cumulative proportion of participants who had virologic failure or who died. For women who did not reach the primary end point, follow-up data were censored at the time of the last available HIV-1 RNA measurement by October 6, 2008 . Cox proportional-hazards models, stratified according to screening CD4+ count (<50 vs. ≥50 cells per cubic millimeter), were used to compare the hazard of reaching an end point between the two groups. Prespecified subgroup analyses concerned the presence or absence of written documentation of prior receipt of single-dose nevirapine, the presence or absence of resistance to nonnucleoside reverse-transcriptase inhibitors (NNRTIs) at study entry (before the study treatment was begun), and the length of time since the participants' last exposure to single-dose nevirapine. Analyses of adverse events were restricted to the period during which participants received nevirapine or ritonavir-boosted lopinavir, according to the randomization scheme. The Wilcoxon rank-sum test was used to compare the duration of time since the last dose of single-dose nevirapine between women with and those without baseline resistance to NNRTIs, and a linear regression model was used to compare changes in CD4+ cell counts and lipid levels, adjusted for baseline measurements. All reported P values are two-sided. For the primary end point, the hazard ratio, P value, and confidence interval have been adjusted for the multiple interim analyses 26 ; all other values are unadjusted.
R e sult s
Enrollment and Follow-up for Trials 1 and 2
A total of 243 women (17 to 36 per site) were randomly assigned to a study group in trial 1 between November 2005 and February 2008 ( Fig. 1) . Two women in the nevirapine group did not start the study treatment; therefore, 241 women were included in all analyses: 121 women in the nevirapine group and 120 in the ritonavir-boosted lopinavir group. Six women (2.5%) in trial 1 were lost to follow-up (5 in the nevirapine group and 1 in the ritonavir-boosted lopinavir group), 2 of whom (0.8% of the total)
had not yet reached a primary end point. The median duration of follow-up was 74 weeks (range, 2 to 153). In trial 2, a total of 502 women were randomly assigned to a study treatment, 500 of whom started the assigned treatment (249 received nevirapine and 251 received ritonavir-boosted lopinavir).
Characteristics of Participants in Trial 1
Baseline characteristics of the participants in trial 1 were similar between the two treatment groups ( Table 1 ). The median baseline CD4+ count was 139 cells per cubic millimeter, the median HIV-1 RNA level was 5.15 log 10 copies per milliliter, and the median time since the last exposure to single-dose nevirapine was 17 months (range, 7 to 45). All participants reported prior treatment with single-dose nevirapine, and 73% had written documentation of such treatment.
Primary End Point in Trial 1
In the primary, modified intention-to treat analysis, 42 women reached an end point: 32 (26%) in the nevirapine group and 10 (8%) in the ritonavirboosted lopinavir group (adjusted hazard ratio for the nevirapine group, 3.6; adjusted 95% confidence interval [CI], 1.7 to 7.5; adjusted P = 0.001) ( Fig. 2A) . These numbers included 28 women (23%) and 9 women (8%), respectively, who had virologic failure and 4 women (3%) and 1 woman (1%) who died without virologic failure. The difference favoring ritonavir-boosted lopinavir was evident early: by week 12, the primary end point was reached in 17 of the women in the nevirapine group and 4 of those in the ritonavir-boosted lopinavir group, although the hazard ratio did not decline significantly with increasing followup time (P = 0.22). The proportion of women who reached a primary end point in the nevirapine group equaled or exceeded that in the ritonavirboosted lopinavir group at each study site. The difference between treatment groups did not vary according to whether written evidence of prior exposure to single-dose nevirapine was available (P = 0.63 for interaction).
Death was attributed to tuberculosis in two women (one of whom was in the ritonavirboosted lopinavir group) and to suspected bacterial sepsis, acute leukemia, or multiple organ failure in the other three women. No death was considered to be related to the study treatments.
The results of a prespecified as-treated analysis in trial 1 (in which follow-up results and end points were included only if they occurred while the participant was taking nevirapine or ritonavir-boosted lopinavir for the initial study regimen) were similar to those of the modified intentionto-treat analysis. In the as-treated analysis, 29 women in the nevirapine group (24%) reached an end point, as compared with 10 women in the ritonavir-boosted lopinavir group (8%) (hazard ratio, 3.8; 95% CI, 1.8 to 7.9; P<0.001).
We assessed rates of subsequent virologic suppression among the 17 participants in trial 1 (14 in the nevirapine group and 3 in the ritonavir-boosted lopinavir group) who had early, confirmed virologic failure (i.e., a plasma HIV-1 RNA level that was less than 1 log 10 copies per milliliter below baseline 12 weeks after treatment was begun). Among the 14 women in the nevirapine group, 6 had a subsequent HIV-1 RNA level of at least 400 copies per milliliter while taking nevirapine, and 8 discontinued nevirapine without undergoing further HIV-1 RNA measurements while taking nevirapine. In the ritonavir-boosted lopinavir group, 1 woman had a subsequent HIV-1 RNA measurement that confirmed failure, and 2 women had HIV-1 RNA levels below 400 copies per milliliter by 36 weeks while taking ritonavirboosted lopinavir.
Baseline Nevirapine Resistance
For 2 women, samples were tested but no resistance results were obtained. Thirty-three (14%) of the 239 women with resistance results had baseline nevirapine-resistance mutations -15 (13%) in the nevirapine group and 18 (15%) in the ritonavir-boosted lopinavir group ( Table 2) . The median time since the last exposure to single-dose nevirapine was shorter among the 33 women with nevirapine resistance (11 months [range, 6 to 50]) than among the 206 women without resistance (17 months [range, 6 to 74]) (P = 0.02). Among women with nevirapine resistance at baseline, 11 (73%) of 15 in the nevirapine group versus 1 (6%) of 18 in the ritonavirboosted lopinavir group reached a primary end point (P = 0.006) (Fig. 2B ). Among women without baseline nevirapine resistance, 20 (19%) of 105 in the nevirapine group versus 9 (9%) of 101 in the ritonavir-boosted lopinavir group reached a primary end point (P = 0.04). There was evidence that the between-group difference in the primary end point was greater among women with detectable nevirapine resistance than among those without detectable resistance (P = 0.046 for interaction).
Time since Last Exposure to Single-Dose Nevirapine
Among the 78 women who started antiretroviral therapy from 6 to less than 12 months after the last exposure to single-dose nevirapine, 37% of the women in the nevirapine group (15 of 41) as compared with 3% of those in the ritonavirboosted lopinavir group (1 of 37) reached a primary end point (hazard ratio, 15.8; 95% CI, 2.1 to 121). The respective percentages were 28% (13 of 46 women) and 12% (6 of 52) among the 98 women who started antiretroviral therapy from 12 to less than 24 months after the last exposure (hazard ratio, 3.0; 95% CI, 1.1 to 8.0) and 12% (4 of 34) and 10% (3 of 31) among the 65 women who started antiretroviral therapy 24 months or longer after exposure to single-dose nevirapine (hazard ratio, 1.3; 95% CI, 0.3 to 6.1) (Fig. 2C ). This decreasing difference in efficacy between regimens with increasing time since the last exposure to single-dose nevirapine was not significant in the prespecified analysis, in which the time since the last exposure to single-dose nevira pine was included as a continuous variable (P = 0.21 for interaction). A post hoc analysis for a trend for the difference between treatment groups across the three categories of time since the last exposure to single-dose nevirapine yielded a P value of 0.051 (on a test of interaction).
Risk Factors for Virologic Failure or Death in the Trial 1 Nevirapine Group
Univariate models showed that among women in the nevirapine group, the baseline presence of nevirapine resistance, a lower CD4+ cell count, a higher plasma HIV-1 RNA level, and a shorter interval since the last exposure to single-dose nevirapine were each significantly associated with an increased risk of reaching a primary end point (P<0.05 for all comparisons). The following factors were not associated with the risk of reaching a primary end point: the presence or absence of written documentation of prior exposure to single-dose nevirapine, number of prior exposures, HIV-1 subtype (C vs. non-C), and baseline HIV disease stage (WHO classification). In multivariate analyses, baseline nevirapine resistance continued to be associated with an increased risk of virologic failure or death (hazard ratio, 8.7; 95% (13) 18 (15) 33 (14) K103N 11 (9) 12 (10) 23 ( Copyright © 2010 Massachusetts Medical Society. All rights reserved.
T h e n e w e ng l a n d j o u r na l o f m e dic i n e n engl j med 363;16 nejm.org october 14, 2010 1506 CI, 3.5 to 21.6), whereas a higher baseline CD4+ cell count was associated with a decreased risk (hazard ratio per increase of 100 cells per cubic millimeter, 0.2; 95% CI, 0.1 to 0.4).
CD4+ Response in Trial 1
At 48 weeks, the mean change from baseline in the CD4+ count was an increase of 205 cells per cubic millimeter in the nevirapine group and an increase of 221 cells per cubic millimeter in the ritonavir-boosted lopinavir group; at 96 weeks, the mean increases from baseline were 298 and 279 cells per cubic millimeter, respectively. The differences between the two groups in the change in the CD4+ count from baseline were not significant.
Adherence to Therapy in Trial 1
During follow-up, for all visits, 83% of women in the nevirapine group and 81% in the ritonavirboosted lopinavir group had a high level of adherence to therapy (at least 95% of expected doses were taken), according to pill counts; 89% of the women in each group reported that they had not missed a dose of either of the assigned drugs during the previous month.
Treatment Discontinuation, Adverse Events, and New Diagnoses in Trial 1
Significantly more women discontinued treatment in the nevirapine group than in the ritonavir-boosted lopinavir group (38 [31%] vs. 6 [5%]; hazard ratio, 7.4; P<0.001). Reasons for treatment discontinuation were as follows: death (in 3% of women in the nevirapine group vs. 1% in the ritonavir-boosted lopinavir group), adverse events (12% vs. 1%), virologic failure (12% vs. 2%), and other reasons (4% vs. 2%). Nevirapine was discontinued in 13 women because of elevations in liver-enzyme levels (2 of the women also had a rash), in 1 woman because of a rash, and in another woman because of acute pancreatitis and renal failure. One participant in the ritonavir-boosted lopinavir group discontinued treatment owing to an elevated serum creatinine level.
Similar proportions of women in the nevirapine and ritonavir-boosted lopinavir groups had a grade 3 or higher sign or symptom (14% and 11%, respectively) or a grade 3 or higher laboratory abnormality (27% and 22%, respectively) ( Table 3 ). No grade 3 or higher rashes were reported, but 11% of the women in the nevirapine group versus 3% of those in the ritonavir-boosted lopinavir group had a grade 3 or higher abnormality on liver-function testing.
Similar numbers of women in the nevirapine group (73) and the ritonavir-boosted lopinavir group (75) had new diagnoses. Malaria was the only category in which there was a difference of more than 5 women affected between the two groups (13 in the nevirapine group vs. 20 in the ritonavir-boosted lopinavir group). Five participants in the nevirapine group and 4 in the ritonavir-boosted lopinavir group had tuberculosis, and 6 and 4 women in the respective groups died or had HIV disease progression to a higher WHO stage (hazard ratio with nevirapine, 1.5; 95% CI, 0.4 to 5.4; P = 0.52). Four pregnancies were reported in the nevirapine group and 10 in the ritonavir-boosted lopinavir group.
Primary End Point in Trial 2
In trial 2, by October 6, 2008, a total of 34 (14%) of 249 women in the nevirapine group and 36 (14%) of 251 women in the ritonavir-boosted lopinavir group reached the primary end point (hazard ratio, 0.97; 95% CI, 0.6 to 1.6). Of the 70 women who reached an end point, 61 had virologic failure (29 in the nevirapine group and 32 in the ritonavir-boosted lopinavir group) and 9 died (5 in the nevirapine group and 4 in the ritonavir-boosted lopinavir group). There was significant evidence that the difference in the efficacy of the randomized treatments varied between trial 1 and trial 2 (P = 0.002 for interaction between study treatment and trial).
Discussion
The regimen of ritonavir-boosted lopinavir plus tenofovir-emtricitabine had superior efficacy to the regimen of nevirapine plus tenofovir-emtricitabine among women with pretreatment CD4+ counts below 200 cells per cubic millimeter who had been exposed to single-dose nevirapine at least 6 months before the initiation of antiretroviral therapy but not among women without previous exposure to nevirapine. These findings were similar in modified intention-to-treat and astreated analyses, as well as across study sites, and among women with previous exposure to single-dose nevirapine, the results were similar for women with and those without documentation of exposure.
The rate of virologic failure (23%) in the trial 1 nevirapine group is similar to failure rates in other studies of nevirapine-based treatment among women exposed to single-dose nevirapine. 19, 22, 27 The failure rate with nevirapine-based treatment among patients who have not previously taken any antiretroviral medications is lower, 28 although in one study, 22% of 35 patients had virologic failure with once-daily nevirapine plus tenofoviremtricitabine. 29 The rate of virologic response to antiretroviral therapy containing ritonavir-boosted lopinavir was slightly lower in other studies (71 to 86%, depending on the definition used) than it was in our study. [30] [31] [32] [33] [34] The difference in the rate of virologic failure or death between study regimens was greater among women who had pretreatment nevirapine resistance than among those who did not. Ne virapine resistance detected within 1 month after exposure to single-dose nevirapine was not associated with subsequent virologic failure in a multivariate analysis involving women in Thailand who had previously received single-dose nevirapine. 18 In South Africa, the presence of lowfrequency K103N variants before treatment was associated with virologic failure among women receiving nevirapine-based antiretroviral therapy; however, previous exposure to single-dose nevir apine predicted neither resistance nor treatment success. 35 Our data support pretreatment testing for drug resistance among women with prior exposure to single-dose nevirapine when this is feasible and when non-nevirapine-based antiretroviral therapy is available.
Increasing time since exposure to single-dose nevirapine appeared to be associated with a decreasing difference in treatment outcomes, possibly suggesting a nonlinear decline in the difference between the efficacy of the two treatments with increasing time. Other studies have shown that the deleterious effect of prior exposure to single-dose nevirapine on the efficacy of nevirapine-based antiretroviral therapy declines or disappears with increasing time since exposure, [18] [19] [20] [21] perhaps because of a decrease in the frequency of resistant variants (with low levels of resistant virus incorporated into DNA) in the absence of ongoing nevirapine exposure. The association between baseline nevirapine resistance and a reduced efficacy of nevirapinebased antiretroviral therapy, the waning advantage of ritonavir-boosted lopinavir over nevirapine as the time since exposure to single-dose nevirapine increases (in trial 1), and the similar rates of virologic failure and death in the two treatment groups in trial 2 all suggest that our findings are largely related to a reduction in the efficacy of nevirapine-based antiretroviral therapy due to nevirapine resistance (including minor resistant variants not detected on standard genotyping) after exposure to single-dose nevirapine rather than to an inherently greater efficacy of ritonavir-boosted lopinavir.
The results of this study cannot necessarily be extrapolated to other populations for several reasons. First, the response to nevirapine-based antiretroviral therapy may be better among women who previously received other peripartum antiretroviral agents along with single-dose nevirapine (because of a lower risk of nevirapine resistance). [10] [11] [12] [13] (It is important to note that although more extensive regimens are recommend ed, they remain inaccessible to a large proportion of women globally, including those in most of the OCTANE study sites.) Second, nevirapine resistance after exposure to single-dose nevirapine may emerge more frequently 4, 36 and fade more rapidly 37 with different HIV subtypes. Finally, a longer interval between exposure to single-dose nevirapine and treatment initiation may reflect a higher CD4+ cell count at the time of single-dose nevirapine exposure, which in turn is associated with a lower risk of nevirapine resistance. We cannot determine whether treatment with ritonavirboosted lopinavir would remain superior to treatment with nevirapine among women with previous exposure to single-dose nevirapine and high CD4+ counts (e.g., ≥350 cells per cubic millimeter).
We conclude that treatment with ritonavirboosted lopinavir plus tenofovir-emtricitabine is superior to treatment with nevirapine plus tenofovir-emtricitabine among women who previously received single-dose nevirapine, particularly those who had nevirapine resistance at baseline or exposure to single-dose nevirapine within the 24 months before treatment initiation. Regimens based on ritonavir-boosted lopinavir (or other potent regimens based on non-NNRTIs) should be made available to women who require antiretroviral therapy after recent exposure to singledose nevirapine.
